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ABSTRACT: 

PROBLEM TO BE SOLVED: To safely release the accumulated energy by 
overcharge 

by adding a monomer for generating a conductive material by polymerization in 
an electrolyte in overcharge, and automatically internally discharging it when 
the battery voltage exceeds a maximum operating pressure. 

SOLUTION: To an electrolyte is mixed a monomer additive for generating a 
conductive polymer by polymerization at a battery voltage exceeding a maximum 
operating voltage and generating an internal short-circuit in the battery. The 
quantity of the monomer additive must be sufficient for the generated polymer 
to actually crosslink both a positive electrode and a negative electrode to 
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short-circuit the battery. A quantity of the monomer additive less than 5 wt.% 
is sufficient for the mixture of the electrolyte with the monomer additive. As 
the monomer additive, an aromatic additive can be used. Biphenyl is 
particularly suitable for a lithium ion type battery having an operating 
voltage within 4 V, and it is mixed in about 2-3% to the electrolyte mixture. . 
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CLAIMS 



[Claim(s)] 

[Claim 1] The lithium cell in which the recharge of the non-drainage system characterized by mixing the monomer 
additive which generates an internal short circuit at the time of overcharge abuse by carrying out a polymerization by 
the cell voltage exceeding the maximum operating voltage in the lithium cell which has a non-drainage system 
electrolyte, and in which a recharge is possible, and generating conductive polymer to the above-mentioned electrolyte 
is possible. 

[Claim 2] The lithium cell in which the recharge of the non-drainage system according to claim 1 characterized by 
having the overcharge safeguard which protects a cell to overcharge abuse when the maximum operating voltage is 
exceeded is possible. 

[Claim 3] The lithium cell in which the recharge of the non-drainage system according to claim 2 to which resistance is 
characterized by the bird clapper from a thermistor with the positive temperature coefficient which restricts the 
charging current by the bird clapper greatly at the time of overcharge of a overcharge safeguard is possible. 
[Claim 4] The lithium cell in which the recharge of the non-drainage system according to claim 2 characterized by the 
bird clapper from gas generating agents other than the aforementioned monomer which generate the gas and pressure 
which operate this cutting equipment at the time of the internal electric cutting equipment with which a overcharge 
safeguard operates with predetermined internal pressure, and overcharge is possible. 

[Claim 5] The lithium cell in which the recharge of the non-drainage system according to claim 4 characterized by a 
gas generating agent being Li2C03 is possible. 

[Claim 6] The lithium cell in which the recharge of the non-drainage system according to claim 2 characterized by the 
bird clapper from an electrical circuit means by which a overcharge safeguard restricts the charging current or charge 
voltage is possible. 

[Claim 7] The lithium cell in which the recharge of the non-drainage system according to claim 1 characterized by the 
mixture of an electrolyte and a monomer additive having less than 5% of the weight of a monomer additive is possible. 
[Claim 8] The lithium cell in which the recharge of the non-drainage system according to claim 1 characterized by a 
monomer additive being an aromatic monomer additive is possible. 

[Claim 9] The lithium cell in which the recharge of the non-drainage system according to claim 8 characterized by an 
aromatic monomer additive being a biphenyl is possible. 

[Claim 10] The lithium cell in which the recharge of the non-drainage system according to claim 9 characterized by the 
mixture of an electrolyte and a monomer additive having 2 - 3% of the weight of a biphenyl additive is possible. 
[Claim 11] The lithium cell in which the recharge of the non-drainage system according to claim 8 characterized by 
being what chosen from the group which an aromatic monomer additive becomes from a pyrrole, N-methyl pyrrole, a 
thiophene, a furan, Indore, and 3-chloro thiophene is possible. 

[Claim 12] The lithium cell in which the recharge of the non-drainage system according to claim 8 characterized by an 
aromatic monomer additive being a pyrrole, N-methyl pyrrole, or a thiophene is possible. 

[Claim 13] The lithium cell in which the recharge of the non-drainage system according to claim 8 characterized by an 
aromatic monomer additive being a furan, Indore, or 3-chloro thiophene is possible. 

[Claim 14] The lithium cell in which the recharge of the non-drainage system according to claim 1 characterized by the 
maximum operating voltage exceeding 4 volts is possible. 

[Claim 15] The lithium cell in which the recharge of the non-drainage system according to claim 1 characterized by 
being the lithium insertion compound with which a positive electrode is chosen from LixCo02, LixNi02, or LixMn 
204 is possible. 

[Claim 16] The lithium cell in which the recharge of the non-drainage system according to claim 1 whose negative 
electrode is a lithium compound negative electrode of a carbonaceous system is possible. 

[Claim 17] The lithium cell in which the recharge of the non-drainage system according to claim 1 characterized by the 
bird clapper from the organic carbonate chosen from the group which an electrolyte solvent becomes from ethylene 



carbonate, propylene carbonate, diethyl carbonate, and ethyl methyl carbonate is possible. 

[Claim 18] The lithium cell in which the recharge of the non-drainage system according to claim 1 characterized by an 
electrolytic solute being LiPF6 or LiBF4 is possible. 

[Claim 19] In the method of making safe the recharge possible lithium cell of the non-drainage system of a overcharge 
state to future abuse a) by carrying out a polymerization and choosing the monomer additive which forms conductive 
polymer by the cell voltage exceeding the maximum operating voltage, when the additive which carried out the 
polymerization at the time of b overcharge generates an internal short circuit How to make safe the recharge possible 
lithium cell of the non-drainage system of the overcharge state characterized by the bird clapper since the above- 
mentioned monomer additive of sufficient amount to discharge a cell to a safe charge state is mixed with an electrolyte. 

[Claim 20] The method according to claim 19 characterized by the mixture of an electrolyte and a monomer additive 
having less than 5% of the weight of a monomer additive. 

[Claim 21] The method according to claim 19 characterized by having a monomer additive in amount with the 
sufficient mixture of an electrolyte and a monomer additive generating the internal short circuit which can discharge a 
cell to a safe charge state within 24 hours. 

[Claim 22] The method according to claim 19 characterized by a monomer additive being an aromatic monomer 
additive. 

[Claim 23] The method according to claim 22 characterized by the above-mentioned aromatic monomer additive being 
a biphenyl. 

[Claim 24] The method according to claim 23 characterized by the mixture of an electrolyte and a monomer additive 
containing 2 - 3% of the weight of a biphenyl additive. 

[Claim 25] The method according to claim 22 characterized by being what chosen from the group which the above- 
mentioned aromatic monomer additive becomes from a pyrrole, N-methyl pyrrole, a thiophene, a furan, Indore, and 3- 
chloro thiophene. 

[Claim 26] The method according to claim 22 characterized by the above-mentioned aromatic monomer additive being 
a pyrrole, N-methyl pyrrole, or a thiophene. . 

[Claim 27] The method according to claim 22 characterized by the above-mentioned aromatic monomer additive being 
a furan, Indore, or 3-chloro thiophene. 

[Claim 28] The way according to claim 19 the above-mentioned maximum operating voltage exceeds 4 volts. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the lithium cell in which the recharge of a non- 
drainage system is possible, and the improvement method of the safety. Especially this invention relates to using a 
polymerization nature monomer additive as a safety practice of a lithium ion battery to the further abuse after 
overcharge of a lithium ion battery. 
[0002] 

[Description of the Prior Art] As a result of calling for the cell in which a recharge with a high energy density is so 
possible that it is not cutting, the research and development about the lithium cell in which a recharge is possible 
prosper. If a lithium is used, although high-energy density and a high cell voltage and long storage life will be obtained, 
the problem (namely, fire) of safety arises. Because, a lithium is because it is a reactant high element. Thus, since a 
problem is in safety, the lithium cell in which many recharges are possible is not fit for the electrochemical operation 
and/or use with common size. It is a very small thing (for example, cell whose size is a coin grade), or the primary cell 
(namely, cell which cannot carry out a recharge) which the cell of the electrochemistry operation which consists of a 
lithium metal simple substance, or generally uses the negative electrode which consists of a lithium alloy can generally 
use. However, a safety aspect can use the cell with such an electrochemistry operation in which a large-sized recharge 
is possible for the military use which is not thought so much as important or the electric supply use in a certain main 
remote places. 

[0003] Recently, the lithium cell which is known as a lithium ion form or a "rocking-chair form 1 ' and in which a 
recharge is possible is marketed increasingly. These cells are the power sources in which the suitable recharge for many 
consumer electronics uses is possible. Also in the cell (namely, a nickel-Cd cell, an nickel-MH cell, or a plumbic-acid 
cell) which can be used now and in which the recharge of the conventional form is possible, these cells have the 
maximum energy density (Wh/L). Furthermore, the operating voltage of a lithium ion form cell is high enough, and can 
play the role enough by one cell for many electronics uses. 

[0004] In the case of a lithium ion form cell, two kinds of different insertion compounds are used to an activity positive 
electrode and a negative electrode. The lithium cell of 3.6V (average) based on an electrochemistry operation of 
LiCo02/graphite precursor carbon is marketed now. Moreover, it is LiNi02 besides this. The lithium transition-metals 
oxide compound of a large number including LiMn 204 is also suitable to use it as a positive-electrode material. 
Moreover, far-reaching carbonaceous system compounds including corks or a pure graphite are also suitable to use it as 
a negative-electrode material. With the above-mentioned cell product, the non-drainage system electrolyte which 
consists of solvent mixtures, such as LiBF4 salt, LiPF6 salt and ethylene carbonate, propylene carbonate, diethyl 
carbonate, and ethyl methyl carbonate, is used. Similarly, it is known about the salt and/or solvent which are used for 
these cells that much alternative exists. 

[0005] A lithium ion form cell is weak to a certain kind of abuse, especially overcharge abuse which exceeds the usual 
operating voltage at the time of a recharge. At the time of overcharge, a superfluous lithium is extracted from a positive 
electrode and plating arises in a negative electrode corresponding to this depending on superfluous insertion of a 
lithium and the case. Consequently, the thermal stability of two electrodes deteriorates. When a negative electrode is 
doped or galvanized with a reactant lithium, it has the inclination for stability to fall, when it is a positive electrode on 
the other hand, it decomposes and the inclination to generate oxygen becomes strong (270 J. R.Dahn et al., Solid State 
Ionics, 69 (3-4), pp265- 1994 reference). Moreover, heating of a cell may arise as a result of a surcharge. Many of 
inputted energy is because it is diffused rather than it is accumulated. When the fall of thermal stability arises with 
heating of a cell, a thermal overrun dangerous at the time of overcharge arises, and there is a possibility that a fire may 
break out. 

[0006] Generally, the cell charging equipment which consists of a collection object of each lithium ion form cell, 
and/or the cell pack are equipped with the suitable electrical circuit which prevents a surcharge. However, in order to 



cope with emergency failure of a circuit, many makers have built the safety device into each cell itself independently as 
a means which raises the protection level to overcharge abuse. For example, they are Sony Corp. and Moli as it applies 
on the U.S. patent specification No. 4943497 and June 25, 1993, respectively and is indicated by the Canada patent 
application No. 2,099,657 specification exhibited on February 1 1, 1994. The product which Energy(1990) Limited is 
manufacturing now is built into the interior in the cutting equipment which operates when the predetermined value 
which has the internal pressure of a cell at the time of overcharge abuse is exceeded. Moreover, when the 
predetermined voltage which exists at the time of overcharge is exceeded, in order to generate sufficient gas and to 
operate cutting equipment, various kinds of gas generating agents (for example, a positive-electrode compound and/or 
other cell additives) can also be used. 

[0007] When internal solid-state capacity is enlarged substantially and it changes into a specific overcharge state, it is 
made to operate cutting equipment by the fluid pressure in another alternate method (about this, it applies on April 8, 
1993 and the Canada patent application No. 2,093,763 specification exhibited on October 9, 1994 has an indication). 
[0008] It is also possible to build other overcharge safety devices into lithium cell itself, and to restrict the charging 
current and/or voltage. In some manufacturers, the thermistor (PTC) of a positive temperature coefficient was 
incorporated and the charging current at the time of overcharge abuse is restricted partially. In the case of this 
equipment, by using the combination of heating of a cell and IR heating of PTC, and operating PTC, resistance was 
enlarged and the charging current is restricted. In principle, also let it be the object of consideration to include the 
electrical circuit for overcharge protection in the header of each cell itself. 

[0009] Additionally, although these preliminary safety devices can be called effective equipment as long as the 
dangerous problem produced by electric abuse of a surcharge is solved, in the case of the overcharge cell, the charge 
state is higher than usual. Therefore, the thermal stability of a cell construct is lower than the time of normal, and is in 
the dangerous state from the time of normal. The cell in such a overcharge state is very weak to mechanical following 
abuse (for example, destruction) and following mechanical thermal abuse (for example, oven heating). Although it is 
made to discard if overcharge abuse arises in the case of a large majority of cell after changing into a safe electric 
discharge state by only discharging by the handicraft, it is desirable to automate this electric discharge. 
[0010] However, the cell which has internal electric cutting equipment in an operating state cannot discharge from the 
outside, cannot remove energy, and cannot make a charge state low. In case the cell in such a cutting state is in such a 
dangerous state that it is unusual, and is discarded or is poked and hardened, it generates another problem, although it is 
unhappy, once it cuts, the remaining capacity of such a cell will be lost --**** (namely, it is in the state where a cell 
does not operate completely) — it is considered ** If it is a rash consumer, although it will disassemble a cell or a 
possibility of losing the temptation treated violently mechanically will become larger than usual at this time, a bird 
clapper is in an unhappy result. That is, a means to discharge the cell in such a overcharge state automatically and 
internally is searched for strongly. 

[001 1] Some meanses to discharge a cell automatically are well-known, and are already proposed. In the case of the 
drainage system cell of an electrochemistry operation, a recombination reaction arises at the last of charge. This 
recombination reaction acts effectively, and while charge is continuing, continuous discharge of the cell is carried out. 
The additive (chemical shuttle) is indicated also about the non-drainage system cell with the same purpose of an 
electrochemistry operation. A recombination reaction and a chemical shuttle can consider that a cell is what discharges 
automatically only by the premise of unless the usual maximum operation charge voltage is exceeded. 
[0012] A means to generate an internal short circuit on a overcharge cell is also well-known. The metal parts (for 
example, positive-electrode charge collector) and other additives which are maintained by positive-electrode potential 
can be rapidly corroded using electrochemical corrosion reaction. In this case, as a result of the corroded component's 
moving from a positive electrode and galvanizing a negative electrode, a conductive dendrite generates. If corrosion 
and plating continue, bridge formation of a conductive dendrite forms between a positive electrode and a negative 
electrode, and a cell can be electrically short-circuited according to bridge formation of this dendrite. In corrosion 
reaction, cell capacity is hardly consumed in many cases until bridge formation of a dendrite forms. Therefore, 
corrosion begins above the maximum operating voltage, and when remarkable corrosion arises before a surcharge 
threatens safety, positive-electrode metal parts and other additives can use it for the above-mentioned purpose suitably. 
Many alternative of the material which can be used easily exists about the non-drainage system cell of a low battery 
(for example, about 2 volts). For example, it will be MoliEnergy to the 1980s. Ltd When it is the lithium negative 
electrode / molybdenum disulfide positive-electrode cell which was being manufactured, while restricting a charge 
state by the stainless steel in negative-electrode potential and/or nickel metal parts corroding, forming bridge formation 
of a dendrite, and short-circuiting a cell internally, a cell is protected at the time of overcharge abuse. However, so 
much alternative does not exist in the non-drainage system cell of higher voltage (for example, about 4 volts). Many of 
cell metallic materials used now are corroded too much in low potential, in order to secure normal operation of a cell. 
On the other hand, too much, in low potential, the exotic material which is not corroded is not fully corroded, when 



overcharge protection is required. Thus, it cannot use easily [ the non-drainage system cell of voltage with both the . 
usual material or a higher exotic material ]. 

[0013] The mechanical means which generate an internal short circuit on a overcharge cell are also examined. For 
example, one alternative proposed is the same as the above-mentioned electric cutting equipment, if the point 
incorporating the mechanism in which short circuit connection is made is removed instead of cutting at the time of an 
operation. However, this alternative is mechanically complicated and a problem is in cost or reliability. If an ideal is 
said, a means to perform an internal short circuit at the time of overcharge must be reliable, and must be low. [ of cost ] 
Moreover, it is made not to localize so that it may be gradual, or the low short circuit of a grade may be generated 
gradually the optimal, it may distribute to the whole interior of a cell according to a case and the power and the heat 
which are radiated through a short circuit may not become large suddenly (namely, generating of spot heating). Itself of 
each condition of these latters is dangerous. 

[0014] Using polymerization nature monomer additives, such as a gas generating agent, for a lithium cell is indicated 
by the Canada patent application No. 2,163,187 specification (JP,9-171840,A) for which these people applied on 
November 17, 1995 in order to operate internal electric cutting equipment at the time of overcharge. On these 
specifications, the monomer gas generating agent of a certain kind which generates conductive polymer generates an 
internal short circuit, and having the operation which discharges a cell after overcharge abuse is also indicated. 
According to the example, this operation is obtained in fact by the cell which blended the biphenyl additive. The 
polymer of a biphenyl is conductivity. 

[0015] Moreover, using a polymerization nature monomer additive for the Canada patent application No. 2,156,800 
specification (JP,9-106835,A) for which these people applied on August 23, 1995 in order to protect between 
surcharges the lithium cell in which a recharge is possible is indicated. Here, a small amount of polymerization nature 
additive is mixed to a liquid electrolyte. At the time of overcharge abuse, when an aromatic additive carries out a 
polymerization on the voltage exceeding the maximum operating voltage of a cell, internal resistance is enlarged and 
sufficient protection is given. 

[0016] It is not indicated directly that it is generally advantageous to whether internal cutting equipment is included in 
the cell at both the above-mentioned Canada patent application No. 2,163,187 specification and this No. 2,156,800 
specification to make the cell itself discharge automatically after overcharge abuse not related. Moreover, when a 
. polymerization is carried out, regardless of whether the monomer additive which generates a conductive polymer is a 
gas generating agent, or internal resistance of a cell is enlarged considerably, there is no indication direct also about it 
being advantageous to use a monomer additive. 

[0017] A polymerization is carried out electrochemically fundamentally, and some aromatic compounds which can 
generate conductive polymer are already used for the electrolyte solvent mixture as an electrolyte solvent additive of a 
salt and/or the non-drainage system lithium cell in which a recharge of a certain kind is possible, in order to extend a 
cycle life. In JP,61-230276,A 5 improving cycle efficiency is checked about the lithium metal which the cell for 
laboratory tests which uses the electrolyte which consists of a furan (aromatic heterocycle) solvent additive galvanized. 
Moreover, a negative electrode is made into a polyacethylene, a positive electrode is set to TiS2 at JP,61 -147475, A, 
and except that the cell which used the electrolyte which consists of a thiophene solvent additive does not use an 
additive, excelling in a cycle property is shown in comparison with the same cell. However, about the operation in the 
potential safety aspect obtained from the electrochemical polymerization nature of an additive, anything does not have 
an indication in these official reports, moreover, it is not clear whether the actual embodiment in these official reports 
has the operation in a safety aspect actually at the time of overcharge abuse (namely, other operations produced at the 
time of overcharge prevent polymerization nature — and/or, an internal short circuit does not arise as a result of a 
polymerization — a thing) 
[0018] 

[Problem(s) to be Solved by the Invention] Let it be a technical problem for this invention to discharge the cell capacity 
charged after overcharge abuse inside in the lithium cell in which the recharge of a non-drainage system is possible, 
and to make a cell safe. 
[0019] 

[Means for Solving the Problem] this invention relates to both method of carrying out internal electric discharge of this 
cell automatically after overcharge abuse of the non-drainage system lithium cell in which a recharge is possible, and 
embodiment. (I think that it is generated when a cell is charged to the voltage exceeding the usual maximum operation 
charge voltage with overcharge abuse in this case) . If a polymerization is carried out, the monomer additive which 
generates a conductive polymer will be blended with a non-drainage system electrolyte. At the time of overcharge 
abuse, when this monomer additive carries out a polymerization, an internal short circuit is generated on a cell and this 
is discharged. 

[0020] this invention is effective also to any of a cell without a cell with the need of adding a overcharge safeguard 



separately, or its need. For example, although an additional means to secure the safety over electric overcharge abuse 
may be unnecessary in the case of a low-battery cell, after overcharge, a possibility of threatening safety in the next 
thermal abuse is also by such low-battery cell. For this reason, this invention is effective, when discharging these low- 
batteries cell in the low charge state more and making the safety in the next thermal abuse high. 
[0021] Similarly, this invention is effective also in the cell equipped with an electrical circuit means of a thermistor 
(PTC) or others to have a positive temperature coefficient, in order to restrict the charging current or voltage. In the 
case of such a cell (for example, the controlled speed), it can discharge by the handicraft, and safety can be made high 
if needed. However, when it sees from a safety aspect, in order to ensure electric discharge, it is desirable to perform 
this electric discharge automatically and internally. It not only can discharge the cell equipped with PTC of a 
overcharge state automatically, but in the case of the additive of this inventions, such as a biphenyl, of a certain kind, it 
can raise an operation of PTC at the time of overcharge by enlarging internal impedance (it being indicated by the 
aforementioned Canada patent application No: 2,1 56,800 specification like). 

[0022] As for this invention, it is desirable to apply to the lithium cell equipped with the internal electric cutting 
equipment which operates with a predetermined internal pressure in which a recharge is possible. Like the 
aforementioned Canada patent application No. 2,163,187, while the monomer additive acted as an activation gas 
generating agent, when the polymerization of it is carried out, it acts as a monomer which generates an internal short 
circuit. However, the monomer additive of this invention does not need to be the source of primary of a pressure 
activation gas, and does not need to be a gas generating agent. It is desirable to use other meanses to operate electric 
cutting equipment, combining the monomer additive of this invention in the case of such an embodiment. Since an 
internal short circuit can be generated with the additive of this invention after partial overcharge (namely, after a 
surcharge stops before the operation of electric cutting equipment), a overcharge cell can be made safe when a 
overcharge cell is understood that it could discharge and overcharge abuse has arisen by the operation of cutting 
equipment. 

[0023] Generally, the non-drainage system cell cell in which the recharge of this invention is possible consists of a 
lithium insertion compound positive electrode, a lithium compound negative electrode (for example, a lithium metal, a 
lithium alloy, or a lithium insertion compound), and a non-drainage system electrolyte (for example, although it is a 
liquefied electrolyte, a polyelectrolyte and a plasticization polyelectrolyte are also usable). In the case of a lithium ion 
battery, as a lithium insertion compound, LixCo02 can be used and it is LixNi02. And what was chosen from the 
group which consists of LixMn 204 can be used. A carbonaceous system insertion compound can be used for a lithium 
compound negative electrode. As a liquid electrolyte solvent, organic carbonates, such as ethylene carbonate, propylene 
carbonate, diethyl carbonate, and ethyl methyl carbonate, can be used. As a liquid electrolyte solute, lithium salt, such 
as LiPF6 and LiBF4, can be used. Especially this invention is suitable for the cell by which the maximum operation 
charge voltage exceeds '4 volts. 

[0024] By the cell of this invention, by carrying out a polymerization by the cell voltage exceeding the maximum 
operating voltage, conductive polymer is generated and the monomer additive which generates an internal short circuit 
on a cell is mixed to an electrolyte/About the amount of a monomer additive, the generated polymer actually constructs 
a bridge in a positive electrode and negative-electrode both, and if not enough to short-circuit a cell, it will not become. 
It is enough if the amount of a monomer additive is less than 5 % of the weight in the mixture of an electrolyte and a 
monomer additive. An aromatic additive can be used as a monomer additive. A biphenyl is an especially suitable 
additive for the lithium ion form cell which has operating voltage in the 4-volt range. A biphenyl is effective if it blends 
into electrolyte mixture in about 2 - 3% of the weight of an amount. 

[0025] An aromatic heterocyclic compound is also suitable as an additive. For example, if a pyrrole, N-methyl pyrrole, 
a thiophene, etc. carry out a polymerization, an internal short circuit will be generated on a certain kind of cell. Thus, if 
it says widely, although these additives will be suitable additives potentially, the maximum operation charge voltage of 
a desirable object cell is less than about 4-volt cell. Additives, such as a furan, Indore, and 3-chloro thiophene, are 
suitable additives for the potential target for a cell with higher charge voltage of operation. Even if it replaces the 
chemical group from which it differs in these compounds, it is only thought that it is that the influence of some appears 
in the polymerization potential of polymer and/or conductivity to generate, that is, these substituted compounds are also 
suitable — it reaches and they are/or a desirable additive 

[0026] By the method of obtaining an expected result for a certain cell, when the monomer additive which generates 
conductive polymer by the polymerization by the cell voltage exceeding the maximum operation charge voltage is 
chosen and a polymerization additive generates an internal short circuit at the time of overcharge abuse, the monomer 
additive of sufficient amount to discharge a cell automatically to a safe charge state is mixed with an electrolyte. Since 
both a too quick electric discharge speed and a too slow electric discharge speed have other purposes in an additive 
desirably, as long as it can discharge a cell in the safe charge state within [ in about 24 hours ] by the generated internal 
short circuit, it is desirable to use the additive of the minimum amount, (of course, additives, such as a biphenyl, have 



another, effective operation.) For example, cutting equipment is operated or it has the operation which enlarges a cell 
impedance as indicated by the Canada patent application No. 2,156,800 of the two aforementioned affairs, and the No. 
2, 1 63*1 89 specification. 
[0027] 

[Embodiments of the Invention] In order to suppress accident to the minimum in the case of a certain energy 
conservation equipment, it is the last of the use stage and an ideal removes energy in advance of abandonment in 
advance of a certain processing which overworks a cell by the case. The non-drainage system cell in which a recharge 
is possible, especially the cell for general consumers are not exceptions, either. The great portion of non-drainage 
system electrochemistry equipment generally used needs to be protected to superfluous charge. It is because the 
resultant which is not desirable, and byproduction heat will usually arise when full restoration of the energy is carried 
out at a cell, if such superfluous charge arises. Although these cells are fully protected to the overcharge itself, if it is 
worked hard again after that (known as "pile" abuse), they will threaten safety potentially. 

[0028] In order to secure safety, depending on the general public's spontaneous action is not desirable. About a cell 
pack, when the general public dissolves, an external protective device may be removed. Each cell may be overworked 
in spite of being well-known to the risk at the time of treating such in spite of a warning letter simultaneous. A 
possibility that any cautions may not have the way of a impossible cell of operation, and it may be treated by the 
general public is stronger than the cell by which the life remains a little. If automatic electric discharge can be carried 
out with this point at an electric discharge speed safe after overcharging the impossible cell of operation itself, the need 
of depending on a consumer is desirably avoidable. 

[0029] Generally, a lithium ion form cell has the inclination for the stability over thermal abuse to become low as a 
charge state increases. In the case of a certain kind of commercial lithium ion type cell, one is the purpose which 
restricts a cell to a comparatively safe charge state thermally, and upper limit voltage is specified. In comparison with 
the cell of other form, fundamentally, when such a lithium ion form cell will be in a overcharge state, a possibility that 
pressure opening and the fire by increase of a cell internal pressure may break out is strong. For this reason, for 
example, in order to prevent a surcharge, a reliable external circuit is established in a lithium ion form cell and/or a cell 
pack. However, this external circuit can be removed if a user becomes the mind, and although the rate of breakage is 
small even in the most reliable circuit, there is a limitation. Therefore, the internal overcharge protective device is 
chiefly formed in the commercial lithium ion form cell. These equipments are effective in giving protection, even when 
a metaphor external device is removed or it damages. 

[0030] Once an internal overcharge protective device operates in the case of a lithium ion form cell, it will be desirable 
that it will be in a use impossible state. A overcharge cell continues being thermal or the thing which threatens safety 
potentially to mechanical abuse until it discharges. [ follows ] The need that a user intervenes also in a misfortune 
suitably in order to perform subsequent electric discharge arises frequently. Although based also on a case, a user 
cannot sometimes even discharge a cell externally. This is applied when internal electric cutting equipment operates. 
For a user, the cell by which cutting equipment operated is a cell in the state "where it died", and is a cell which cannot 
discharge from the outside. 

[0031] this invention offers a means to discharge a cell automatically after overcharge of a non-drainage system cell, in 
order to tackle this problem. This is realized by carrying out little combination of the suitable polymerization nature 
monomer additive for the non-drainage system electrolyte of a cell. What is necessary is to carry out a polymerization 
on a certain suitable voltage, and just to choose what becomes conductive polymer about this monomer additive, what 
is necessary is just to choose the monomer in which a significant polymerization does not occur in the normal operating 
voltage range namely, — at the time of normal operation of a cell, if it puts in another way If a monomer additive 
reaches polymerization voltage at the time of overcharge abuse, it will start a polymerization. By sufficient conductive 
polymer's generating and finally, forming conductive bridge formation in cell inter-electrode, an internal short circuit is 
generated on a cell and a cell is discharged. When it sees from a safety aspect, before a cell reaches the charge state 
which is not desirable, it is desirable that conductive bridge formation forms. In this way, if it sets, as long as there will 
be no start of internal electric discharge, the state which is not desirable as for the above cannot overcharge partially in 
a cell. 

[0032] Therefore, in order for the monomer additive to be effective, it is necessary to satisfy some conditions 
simultaneously. That is, a polymerization must be carried out electrochemically and bridge formation of conductive 
polymer must be able to be rather formed on specific voltage. Moreover, except for this point, combination of an 
additive must not have a bad influence on a cell performance. In principle, although many monomers can be used, 
especially an aromatic monomer is suitable. It is because polymerization potential is in the range suitable for this use 
and also conductive polymer generates by polymerization reaction. Furthermore, even when it is little, there is also an 
advantage that conformity is shown in the chemical action of a lithium cell in many cases in an aromatic compound. 
[0033] 1979 Let RJ.Fessenden et al. published from Willard Grant Press be an author. "Organic Chemistry" it argues - 



as 1 -- a term - the cyclic compound substantially stabilized by the derealization of a pi electron as it is "aromatic" is 
pointed out Such a compound has a ring structure or the planar structure, and each atom of a ring has the p orbital 
which intersects perpendicularly to the flat surface of a ring (sp2 hybrid state). Moreover, a 4n+2 piece pi electron (n is 
an integer) must exist in a ring system (HYUKKERU rule). Terms "a heterocycle formula" are (The Condensed 
Chemical Dictionary, the 9th edition, G.G.Hawley, Van Nostrand Reinhold, refer to 1977), and a thing that usually 
points out the ring closure structure of 5 members or 6 members. In this case, the atoms beyond one or it in a ring are 
elements other than carbon (for example, sulfur, oxygen, and nitrogen). 

[0034] A common aromatic compound has the ring structure which can carry out the polymerization of this invention 
electrochemical very easily in the voltage range in the target use. If a heteroatom exists in the ring structure in the case 
of many aromatic heterocyclic compounds, since it will be rich [ in an electron ] of the carbon atom which adjoins this, 
ring breakage arises simply and a polymerization arises in these positions. In the case of other unsaturation cyclic 
compounds, an electrochemistry polymerization is not carried out that simply. 

[0035] As an aromatic compound which generates conductive polymer, a biphenyl, a pyrrole, Indore, a thiophene, 
furans, these derivatives, etc. can be used, for example. (It re-recorded from Electrochemistry in Organic Synthesis, 
J.Volke&F.Liska, Springer- Verlag, and 1994) The conductivity of the formed polymer film is shown with the oxidation 
potential to the saturated calomel electrode of some monomers in Table 1 . 
[0036] 
[Table 1] 

Compound Oxidation potential (V pair S C E) Conductivity (Scm-1) 

Pyrrole +0.8 30-100 Indore +0.8 5x10-3-10-2 Thiophene +0.9 10-100 Furan +1.85 10-80 [0037] In addition, a certain 
grade depends for polymerization potential on other electrolyte components used for an electrode and electrochemical 
equipment (cell). Although the value indicated by reference suggests the compound with which this invention may 
serve as a candidate in the target use, in an actual cell environment, a polymerization advances in a different form a 
little. That is, although the cell maximum operation charge voltage is exceeded, under actual cell conditions, the 
compound which carries out a polymerization on the voltage which is less than the overcharge voltage which becomes 
that to which a cell threatens safety comparatively is suitable. In addition, about a polymerization, sufficient rate of 
polymerization to form sufficient bridge formation by polymer sufficient by the time of being needed is required.* 
[0038] A certain grade depends for conductivity required for a polymer on an electrochemistry operation and cell 
design of the gestalt of a polymer, and a cell. Resistance is considered to be a low rather than bridge formation with 
conductive bridge formation of precise polymer strong [ fiber nature ]. When it is a cell with a small electrode area with 
thick and/or separator, conductive high polymer is more nearly required than a cell with a large electrode area with thin 
and/or separator. It is because a bridge formation object is shortened and a cross sectional area can be enlarged, in order 
to obtain the same real resistance in the case of the high polymer of resistance. At the end, required internal resistance 
depends for the safety standard to a cell voltage, a specific capacity, and a specific charge state. 
[0039] What is necessary is generally, just to use the monomer additive of the minimum amount which obtains an 
expected internal short circuit from the purpose of this invention. When an additive is first used [ 1st ] for it in a 
superfluous amount to an electrode as opposed to a lithium even if an additive is inactive although it must be inactive 
comparatively (that is, it does not react with a lithium or does not insert in an electrode), it may have a bad influence on 
a cell performance characteristic (for example, increase in a cell impedance). If the example of representation mentions, 
if an additive exists in an electrolyte by several % of the weight or number capacity %, in this invention, it is enough. 
Similarly, a part depends on an electrochemistry operation and cell design of a cell, and a part depends for an actually 
usable initial complement on a monomer property. 

[0040] In case an additive is chosen according to a use therefore, it is necessary to satisfy some criteria. Although the 
tolerance which satisfies these criteria is comparatively wide, in order to know the conformity of the specific additive 
which serves as a candidate to a predetermined cell use, it is necessary to conduct some experiments without the direct 
relation to invention. These experiments have the overcharge examination of the trial production cell which contains 
the additive which serves as a candidate in a different amount. After choosing in case an usable quantity of an additive 
is chosen externally or, in order to examine the bad influence to a performance completely, it is necessary to perform a 
performance test of a certain kind about a trial production cell. Such a trial production cell is in this contractor's range 
and ability range, and does not independently need invention nature. 

[0041] It found out that the additive for the lithium ion form cell product marketed for consumer electronics with an 
especially suitable artificer etc, was a biphenyl. Separator is thin (about 25 micrometers) and the electrode surface area 
of these cells is large (100cm of divisors 2). Usually about cell capacity, they are lAh or more than it. Moreover, the 
normal maximum operation charge voltage is about 4.2V. Between this 4.2V and about 5 V, the danger of a cell 
becomes comparatively strong. If electric discharge arises above C rate, several% of biphenyl will fully carry out a 
polymerization, will form conductive bridge formation, and will discharge a cell to a safe charge state within [ in 24 



hours ]. it is indicated by the Canada patent application No. 2,156,800 specification as such cell environment 
setting -- a biphenyl additive Li/Li+ 1 think that it receives and a polymerization is carried out by 4.70V having ~ 
little\xse — a cell performance — an owner - it does not have a meaningless bad influence On these specifications, it is 
supposed potentially [ others, such as 3-chloro thiophene and a furan, ] that a suitable additive is also usable. 
[0042] According to the example mentioned later, it became clear that it is suitable for the non-drainage system cell in 
which other additives have low operation charge voltage (namely, less than [ 4.2V ]) more. There are N-methyl pyrrole 
and a thiophene in these additives, and voltage is considered to be suitable more by the low cell. It is because an 
internal short circuit occurs on low voltage too much by the typical cell. Although the above-mentioned additive and 
other additives (namely, a substituted compound and its derivative) with a close relation are the same, a slightly 
different property is shown, and it is thought that it is so the desirable alternative in a use of a certain kind. 
[0043] If existence of an additive is set aside, the composition of this invention cell is the same as that of a cell 
conventionally. What is necessary is just generally, to only mix an usable quantity of an additive to a bulk electrolyte, 
when [ suitable ] it is at the time of a cell assembly. Needless to say, according to the difference among the properties 
(for example, vapor pressure, toxicity, etc.) of a bulk electrolyte or an additive, it needs to be changed on some 
operations. The lithium cell in which the recharge of the non-drainage system marketed is possible can have various 
kinds of configurations (namely, a prismatic cell and a small coin form cell), and can use the component from which 
many differ. (For example, although such an additive probably seldom moves in a macromolecule system electrolyte, 
the same property is realized when the cell which consists of a solid-state polyelectrolyte also blends such an additive) . 
About the desirable composition of a lithium ion form cell product, a cross-sectional view is shown in drawin g 1 as a 
conventional spiral cell. The microporosity polyolefine sheet 3 of two sheets which acts as the positive-electrode foil 1, 
the negative-electrode foil 2, and separator is made into a spiral volume, and the jelly roll 4 is produced. 
[0044] To a thin aluminum foil, if positive-electrode foils are suitable powdered (grain size is about 10 micrometers) 
positive-electrode material, such as a lithiation transition-metals oxide, and a request, they will apply and produce the 
mixture which consists of other powdered positive-electrode material, binders, and conductive diluents. In the example 
of representation of the method of application, after dissolving a binder in suitable liquid support first, in addition to 
this solution, other powdered solid-state components are used, and a slurry is produced. Next, a slurry is uniformly 
applied to a base foil. Then, evaporation removal of the support solvent is carried out. After in many cases doing in this 
way and carrying out application processing of the both sides of an aluminum foil base, calender processing of the 
positive-electrode foil is carried out. 

[0045] In the case of a negative-electrode foil, a carbonaceous system insertion compound [ that it is powdered instead 
of positive-electrode material (grain size is about 10 micrometers) ] is used, and it produces it like the above except 
usually using copper foil thin instead of aluminum. Moreover, width of face of a negative-electrode foil is slightly 
made larger than the width of face of a positive-electrode foil, and it is made for a negative-electrode foil to always 
counter a positive-electrode foil certainly. 

[0046] The jelly roll 4 is inserted in the usual cell can 10. A header 1 1 and a gasket 12 are used and a cell 1 5 is sealed. 
The superficies of a battery case 10 are used as a negative terminal by using the superficies of a header 1 1 as a positive 
terminal. The positive-electrode tab 6 and the negative-electrode tab 7 are connected suitably, and an external terminal 
is connected with an internal electrode. The suitable insulating pieces 8 and 9 can be inserted, and the possibility of an 
internal short circuit can be prevented beforehand, before carrying out the crimp of the header 1 1 to the cell can 10 and 
sealing a cell - an electrolyte 5 ~ in addition, the jelly roll 4 - fine ~ a hole ~ it is filled up with space In the case of 
the cell of this invention, an usable quantity of a monomer additive is further blended with an electrolyte 5. For 
example, equipments beyond one or it, such as interior of pressure operation formula electric cutting equipment, and a 
positive heat coefficient thermistor (PTC), a positive overcharge protective device, are formed, and a cell is protected 
from the electric abuse by the surcharge. Moreover, since it is another, you may also build a safety device into a header. 
Usually, you may incorporate the safe mouth which explodes when a superfluous pressure is accumulated on a cell. 
[0047] Moreover, by the cell shown in drawin g 1 , the internal electric cutting equipment same with being shown in the 
Canada patent application No. 2,099,657 specification is built into a header 1 1 . This cutting equipment can operate by 
gas generating agents, such as Li2C03. Although this gas generating agent can be used also as a polymerization nature 
additive which generates) and an internal short circuit as shown in the (above-mentioned Canada patent application No. 
2,163,187 specification, this is not necessarily required. Or in order to use the polymerization nature additive which 
does not generate a gas at the time of the overcharge which generates an internal short circuit or to operate cutting 
equipment, it is also desirable to use another means (for example, means currently indicated by the above-mentioned 
Canada patent application No. 2,093,763 specification). Since the monomer additive which carries out a polymerization 
by fracture of double combination does not generate a gas-like by-product, in such a case, it is suitable. 
[0048] Hereafter, although explanation is continued only for the purpose of instantiation, any meanings do not restrict 
this invention. Although a limit of the theory is not received, the polymerization of an additive is produced in a positive 



electrode and it is thought that polymer is generated on a positive-electrode front face. The additive included in the 
electrolyte continues movement toward a positive electrode, it contacts and carries out a polymerization to a positive 
elecitodc, and the sludge which finally contacts a negative electrode through separator grows. Thus, conductive bridge 
formation can be formed. In the case of a typical lithium ion form cell, each electrode is thin and touches the 
microporosity separator of low capacity physically. Therefore, a comparatively little monomer is also considered that 
an expected internal short circuit is realizable. 
[0049] 

[Example] Hereafter, although an example explains some modes of this invention, these examples do not restrict this 
invention in any meanings. As it already explained and was shown in drawing 1 , the cylindrical shape cell of 18650 
sizes (for a diameter, at 18mm, height is 65mm) was produced for the whole. A positive electrode 1 is LiCo02 to the 
both sides of the thin aluminum foil whose length width of face is about 5.4cm, and is about 49.5cm. The mixture 
which consists of powder, a carbonaceous system conductivity diluent, and a polyvinylidene-fluoride (PVDF) binder 
was applied uniformly, and was produced. Coverages were about 47 mg/cm2. About the negative electrode 2, although 
length was the same as the positive electrode, width of face applied uniformly the mixture which becomes thin copper 
foil large 3mm from nodular-graphite powder, carbon black SuperS (trademark of Ensagri), and a polyvinylidene- 
fluoride (PVDF) binder (it is used to nodular-graphite powder in about 2 % of the weight and about 10% of the weight 
of an amount, respectively), and produced it. a coverage ~ about 23 mg/cm2 it was . Separator 3 was produced using 
the microporosity polypropylene film. As an electrolyte 5, the EC/PC/DEC capacity factor used the solution of lithium 
salt which dissolved in the solvent mixture which consists of the ethylene carbonate (EC) of 30/20/50, propylene 
carbonate (PC), and diethyl carbonate (DEC). About 5ml electrolyte was used for each cell. 

[0050] LiBF4 of example 1 1.5M It was used and two 18650 type cells were assembled as mentioned above. However, 
an additive was not used for the 1st cell for comparison, but 2% of the weight of the biphenyl additive was blended 
with the 2nd this invention cell at the electrolyte. (In addition, since a biphenyl is a solid-state at a room temperature, it 
is quantified not by capacity but by the weight for convenience) . A pressure opening mouth and internal electric 
cutting equipment were formed in these cells as indicated by the above-mentioned Canada patent application No. 
2,099,657 specification. Conditioning of the cell was first carried out at 21 degrees C by carrying out a recharge to 
charge, electric discharge, and a degree to the normal maximum operation charge voltage of 4.1 v. 
[0051] The feeder system with lOv serviceability was used, and the overcharge abuse examination of the two above- 
mentioned cells was carried out with the ambient temperature of 21 degrees C. The cell was partially overcharged by 
3 A and 3.6A for 12 minutes (sufficient time to be able to make the charge state of a cell high intentionally, without 
internal electric cutting equipment operating), respectively. Next, it acted as the monitor of the cell for about 19 hours. 
In the meantime, the voltage of the 1st cell was stable in about 4.5 v. The voltage of the 2nd cell descended 
continuously and became about 4.05 v 19 hours after. When the presser-foot- stitch-tongue penetration test was 
performed per each cell, the internal short circuit arose. The pressure opening mouth operated, and exploded and 
carried out flaming of the 1st cell for comparison. Since itself fully discharged in comparison with the cell for 
comparison in spite of having suited.the overcharge state highly slightly first, the cell by which this example blended 
the biphenyl additive shows that the safety at the time of next mechanical abuse was remarkably high. 
[0052] LiPF6 of 1M which blended the biphenyl additive of two a2.5 % of the weight of examples Conditioning of the 
ten 18650 type cells was assembled and carried out like the example 1 except having used the electrolytic solution. The 
cell was overcharged by 21 degrees C and 3.6A until internal electric cutting equipment operated. (In this example, the 
biphenyl operated cutting equipment as it acted also as a gas generating agent and was indicated by the above- 
mentioned Canada patent No. 2,163,187 specification) . After saving the cell for 24 hours, the presser-foot-stitch- 
tongue penetration test was performed. There was also no opening of the pressure opening mouth of a cell, and there 
was also no combustion. The maximum surface temperature recorded by the cell into the presser- foot-stitch-tongue 
penetration test was 33 degrees C. 

[0053] b) Except for the point which used neither an additive nor internal cutting equipment, conditioning of the three 
18650 type cells was assembled and carried out like a. However, the cell was protected to overcharge abuse by building 
PTC equipment into the header of these cells, and restricting the charging current, these cells were overcharged by 21 
degrees C and 3.6A until PTC operated, and PTC fully heated and went up rapidly [ resistance ] and remarkably 
namely, — There was also no opening of a pressure opening mouth and there was also no combustion. Next, after 
saving the cell in the state of the open circuit for 24 hours, the presser-foot-stitch-tongue penetration test was carried 
out. One of these three cells had intense cell leakage, and it carried out flaming. 

[0054] c) Except for the point which used LiBF4 electrolytic solution of 1 .5M which does not blend an additive, 
conditioning of the six 18650 type cells was assembled and carried out like the above. Each cell was constituted so that 
internal electric cutting equipment might carry out a fluid-pressure operation by the increase in the internal solid-state 
capacity in a certain specific overcharge state as indicated by the above-mentioned Canada patent application No. 



2,(593,763 specification. These cells were overcharged by 21 degrees C and 3.6A until internal electric cutting 
equ^todht operated. There was also no cell leakage and there was also no combustion. Next, after saving the cell for 24 
hours', tfie presser-foot-stitch-tongue penetration test was carried out. Five of these six cells had intense cell leakage, 
and they carried out flaming, this example blends an additive within 24 hours after overcharge, and although it has 
either cutting equipment or PTC in the case of the cell equipped with cutting equipment, an additive shows that the 
safety in the next mechanical abuse became remarkably high compared with the cell for comparison which has not been 
blended. 

[0055] The 18650 type cell was assembled like the example 1 except having blended the biphenyl additive of 35 % of 
the weight of examples with the electrolyte. Next, the cell was saved for one week at 60 degrees C, after charging 4.1 v. 
Then, it discharged by the constant current of 1 A to 2.5v, and the cycle examination of the cell was carried out in 21 
degrees C in the cycle which carries out constant-potential charge where current is restricted to 4.1 v. It investigated 
whether a series of discharge currents to which a size becomes small one by one would be impressed gradually every 
20 cycles, and it would recover at electric discharge speed with lower capacity loss. The capacity pair cycle-life data of 
this cell are shown in drawing 2 . this example shows that the cycle property which was still excellent is acquired, if a 
biphenyl additive becomes 5 or less % of the weight. 

[0056] In order to sort out the additive which serves as a candidate from the point of example 4 performance 
potentially, the same 18650 type cells of a series of as an example 1 were produced. That is, the cell which blended the 
following additives (capacity %) was produced, and conditioning was carried out electrically. 0.5% pyrrole, a 0.42%N- 
methyl pyrrole, and 1% thiophene. Since the cell which blended the pyrrole additive generated the considerable large 
internal short circuit at the time of conditioning, it has not fully charged. That is, the internal short circuit took the 
charging current 60mA or more. Starting the short circuit by about 3.5v, the cell voltage did not exceed about 3.7v. 
About the cell which blended N-methyl pyrrole additive, after charging 4.1v, it acted as the monitor in the state of the 
open circuit. The voltage drop was large and descended to about 3.9v in 24 hours. It is thought that an internal short 
circuit is generated in about 3.5v or more. About the cell which blended the thiophene additive, it charged to 4.2v. 
When it was made an open circuit, voltage descended to 4.09v after that in 1 hour. Although it is thought that these 
additives do not turn to the high- voltage cell of the above-mentioned example (it is because it generates in the operating 
voltage range with a normal internal short circuit) nevertheless, these are the additives which can be used suitable for a 
non-drainage system cell with lower charge voltage of operation. 

[0057] For this contractor from the above explanation, in case this invention is carried out without deviating from the 
soul or the range of this invention so that clearly, many change and alterations are possible. That is, according to the 
substance defined as the claim, you should interpret the range of this invention. 
[0058] 

[Effect of the Invention] In the lithium cell in which a recharge is possible, in the time of overcharge, since the 
monomer which carries out a polymerization in the voltage more than the maximum operating voltage, and generates 
the conductive matter was added in the electrolyte, after exceeding the maximum operating voltage in a surcharge, it 
can discharge automatically inside and the energy accumulated by the surcharge can be opened safely. 



[Translation done.] 



